The menaquinone systems of 35 strains representing 24 species of the genus Nocardia and its related genera were determined. The genus Nocardia was mainly divided into two groups based on the system of quinones; the tetrahydromultiprenylmenaquinone of MK-8(H4) was found in N. farcinica, N. asteroides, N, brasiliensis, N. coeliaca, N. minima, etc., and the dihydromultiprenyl homolog of All the members classified in the genus Nocardia are characterized by their peculiar cell wall composition consisting of DL-diaminopimelate, arabinose, and galactose (1) (2) (3) (4) , and also by their unique sugar pattern of whole cells comprising galactose and xylose (4) . However, these characters are quite identical with those of the genus Mycobacterium.
In our previous papers (5-7), we reported on the menaquinone system in coryneform and nocardioform bacteria from the taxonomic point of view. In that experiment, we examined only a "hard" type of nocardiae such as N. asteroides and N. brasiliensis, and found the presence of the only system of MK-8(H4) in these 1 This constitutes Part VI of a series entitled "Significance of the Ubiquinone and Menaquinone Systems in the Classification of Gram-negative and Gram-positive Bacteria."
The abbreviations used here for menaquinone or vitamin K2 are: MK, menaquinone; MK-n with n denoting a specified number of isoprene units in the side chain; MK-n(Hm) with in indicating the number of hydrogen atoms saturating the isoprenoid chain, e.g., MK-8 (H4).
organisms.
The present study was undertaken to determine the menaquinone system of the remaining species classified in the genus Nocardia and its related genera.
MATERIALS AND METHODS
Microorganisms. All the strains used in this experiment were from Central Research Laboratories, Ajinomoto Co., Inc., Kawasaki, by the courtesy of Drs. I. Komura, K. Yamada, and Y. Ohta. The sources of these 35 cultures representing 24 species of the genus Nocardia and its related genera Actinomadura, Oerskovia, and Streptomyces are listed in Table 1 .
Cultivation of microorganisms. Stock cultures were generally maintained on agar slants as reported previously (5) . For the working cultures, the microorganisms were cultivated in liquid media (5) . However, the only species S. gardneri was grown on agar plates containing the same nutritional constituents because of showing no growth in the liquid medium on a rotary shaker.
Extraction and isolation of menaquinone. Menaquinones of these strains were extracted from intact cells and partially purified by preparative thin-layer chromatography (5, 8, 9) .
Determination of the menaquinone system. The system of menaquinone was determined by the reversed-phase paper chromatography, and mass spectrometry was also used for the unequivocal determination of the quinone system (5).
Reagents and chemicals. Authentic preparations of menaquinone series were prepared as described previously (5) . Other reagents and chemicals used in this experiment were commercial preparations.
RESULTS

AND DISCUSSION
As can be seen from the tabulated results (Table 1) , the genus Nocardia was primarily divided into two groups based on the system of menaquinone; the first group with the tetrahydromultiprenylquinone of MK-8(H4) included N. asteroides, N. brasiliensis, N. coeliaca, N. minima, etc., and the second with the dihydromultiprenyl homolog of MK-8(H2) included N. rugosa, N. lutea, N. calcarea, etc. All the members of N. erythropolis examined had the second quinone system of MK-8(H2) as well, as the organisms once classified as Jensenia canicruria and Corynebacteruim hydrocarboclastus. The former tetrahydrogenated system of menaquinone agreed with those of Arthrobacter simplex and Brevibacterium lipolyticum, members of group VI by YAMADA and KOMAGATA (10) , and the latter dehydrogenated quinone system agreed with those of a large number of coryneform bacteria such as C. diphtheriae, C. fascians, C. equi, and B. linens (5) . This suggests a certain phylogenetic relation between these nocardioform and coryneform bacteria, though the cell wall types of these organisms are not neces-209 Table 1 . The menaquinone system in the genus Nocardia and its related genera. VOL. 23 sarily identical.
In addition to the above-mentioned two typical systems of quinone, the following species showed other peculiar ones; they were MK-9(H2) MCCLUNG (11) established three morphological groups within members of the genus Nocardia according to the degree of mycelial development. As far as we examined, the tetrahydromultiprenyl system of quinone, MK-8(H4), was characteristic of the morphological group III with the only exception of N. polychromogenes showing a somewhat longer isoprenolog of menaquinone, MK-9(H2) [MK-8(H2)]. In the morphological groups I and II, on the other hand, was found the dihydromultiprenyl system comprising MK-8(H2). It is notable that N. minima, a member of the morphological group ii, possessed the MK-8(H4) system as in most species of the first group of morphology, but this system of menaquinone is considered to be reasonable as will be discussed below. Another exception was N. rubropertincta exhibiting a longer isoprenolog composed of MK-9(H2), this quinone being distributed in a number of other species in corynebacteria and mycobacteria such as C. xerosis, C. glutamicum, M. tuberculosis, and M. phlei (5, 13, 14) .
TsUKAMURA ( (Table 2) . It is of interest that we found in this cluster the tetrahydromultiprenylmenaquinone system comprising MK-8(H4) in N. minima in spite of its being classified in the morphological group II by MCCLUNG (11). In Table 2 . The menaquinone system in the fifteen clusters of the genus Nocardia by GOODFELLOW (16) .
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The strain numbers are listed only when the organisms examined for the MK system are connected to those used for the numerical taxonomy by the author (16). VOL. 23 N. gardneri of cluster 4 and in N. coeliaca of cluster 12, this widely distributed system of MK-8(H4) is also observed, whereas N. convoluta of cluster 3 has the MK-9(H2)[MK-8(H2)] system. Cluster 5 or the N. brasiliensis group has the same system of quinone as in most species of the N. asteroides group. Cluster 7 or the N. madurae group is composed of MK-9(H6)[MK-9(H8)] possessors. We recognized a certain duality in cluster 10 or the N. turbata group; MK-9(H4) is in N. turbata and MK-8(H2) in N. calcarea. Cluster 14 or the M. rhodochrous group appears to be homogeneous except for N. rubropertincta which showed MK-9(H2). Cluster 15 is assumed to have the MK-8(H4) system.
As discussed above, our criterion using the menaquinone system is applicable for the designation of these clusters or groups, although several exceptional distributions were present.
ADAMS et al. (17) reported that J. canicruria is included in N. erythropolis. Further, KOMURA et al. (18) proposed that C. hydrocarboclastus Iizuka and Komagata (19) is identical with the fromer two species in relation to morphological, physiological, and biochemical properties, and suggested that this species should be transferred into N, erythropolis as was J. canicruria. Our experiment showed that all the three species have the same system of menaquinone comprising MK-8(H2).
LECHEVALIER et al. (20) analyzed a number of strains of aerobic actinomycetes for the presence of mycolic and nocardiomycolic acids. Of these organisms examined, eleven strains of N. farcinica including NCTC 4524 were assigned to the genus Mycobacterium on the basis of their having C24-fatty acid, and they concluded that N. farcinica is a nomen dibium. MORDARSKA et al. (24) who demonstrated that phosphatidylethanolamine is not found in these two genera but in the genus Nocardia, and by UCHIDA and AIDA (25) who proposed that a considerable amount of glycolate is present in the genus Nocardia but not in the above two genera, Actinomadura and Oerskovia. In addition to these Actinomadura and Oerskovia strains, N. leishmani was found to have such an anomalous type of the quinone system, MK-9(H6)MK-9(H4). According to CUMMINS and HARRIS (1) , N. leishmani NCTC 658 is very similar to N. asteroides NCTC 6761 in cell wall composition by the presence of arabinose, galactose, glucose, glucosamine, muramate, alanine, glutamate, and DL-diaminopimelate. GOODFELLOW (16) classified this species in subgroups A and B, cluster 1 or the N. asteroides group, but TsUKAMURA (15) did not place it in any of the seven groups. In Bergey's Manual of Determinative Bacteriology, 8th Edition (11) , N. leishmani is described as being synonymous with N. asteroides. It is, however, predictable from the standpoint of the menaquinone system that this anomalous quinone-possessing N. leishmani might be an intermediary organism which links the true nocardiae such as N. asteroides and N. brasiliensis to the members of the genera Actinomadura and Oerskovia, though they are not necessarily identical with one another in cell wall composition.
CUMMINS and HARRIS (1) reported that N. gardneri is characterized by having LL-diaminopimelate and glycine which are consistent with those of certain members of streptomyces, so that this species is now transferred into the genus Streptomyces (12) . It is of interest that N. gardneri had the same system of quinone as in N. asteroides [MK-8(H4)1. Previously, PHILLIPS et al. (26) found a hexahydromultiprenylmenaquinone MK-9(H6) as a major component in a certain strain of VOL. 23 streptomyces. From these findings, the genus Streptomyces can be divided at least into two subgroups; some with MK-8(H4) as in N. gardneri or S, gardneri and others with MK-9(H6) as in the certain member of streptomyces.
YAMAHA and KoMAGATA (10) established group VI containing organisms with LL-diaminopimelate type of cell walls such as A. simplex and B. lipolyticum, and considered these organisms to be related to the genus Streptomyces. In our previous works (5-7), these organisms were found to have the MK-8(H4) system as in N. gardneri or S. gardneri, differing from other coryneform bacteria. On the basis of this peculiar system of quinone, we can speculate that these coryneform bacteria characterized by the LL-diaminopimelate type of cell walls and by the system of MK-8(H4) have a certain closer relation to streptomyces, especially to members of the genus Streptomyces with this tetrahydromultiprenylquinone as found in N. gardneri, though they differ from each other in their mode of cell division.
In our previous papers (27,28), we mentioned that the quinone system has a potential value for classifying microorganisms at the genus level. When the genus Nocardia Trevisan 1889 is restricted only to members with type IV of cell walls The genus Nocardia is mainly divided into two groups, i.e., the MK-8(H4) and the MK-8(H2) possessors. The anomalous systems of quinones were found in N. leishmani, A. madurae, and 0. turbata. The taxonomical meaning of these exceptional systems as found in these organisms has not been necessarily clarified as yet. However, it is likely that there is a certain phylogenetic relation among N. leishmani, A. madurae, and 0. turbata. Nocardia gardneri or S. gardneri possessed the MK-8(H4) system identical with those of Arthrobacter simplex and Brevibacterium lipolyticum, both of which are characterized by their LL-diaminopimelate type of cell walls. and with the MK-8(H4) system, the remaining species such as N. polychromogenes, N. rubropertincta, N. calcarea, and N. erythropolis will be transferred to other certain appropriate genera. However, they must be retained until definitive studies are made to determine whether they should be palced in other newly established genera (Fig. 1) .
